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Introduction and background
===========================

A bibliometric analysis is the statistical analysis of written publications. It seeks to quantify the academic output of people and institutions. In the strictest sense, it is an effort to present an assessment of the scientific literature of a given topic. Understanding the publication data of a topic lends insight into the current state of that field and identifies those authors who have made the greatest impact. 

Craniectomy and hemicraniectomy are decompressive procedures wherein a bone flap is elevated from the skull to relieve intracranial pressure which has been refractory to medical management. The origin of craniectomy can be traced to the Neolithic period (9600 BC to 2000 BC) with the practice of trephination and the placement of burr holes into the cranium for various reasons. In fact, trephination is the earliest surgical procedure for which we have archaeological evidence \[[@REF1]\]. Throughout history, craniectomy and hemicraniectomy have been associated with significant morbidity and mortality. Craniectomy has remained one of the most common neurosurgical procedures performed in traumatic brain injury in modern medicine. Nevertheless, the sequelae of increased intracranial pressure including stroke, herniation, and death remain. This procedure has been the target of several large-scale multicenter and single-center trials leading to its development and expansion with regards to determining its rates of morbidity and mortality. These trials include DECRA, DECIMAL, DESTINY I & II, HAMLET, RESCUEICP and more recently RESCUE-ASDH.

Review
======

Methods

Elsevier's Scopus, a comprehensive abstract and citation database for peer-reviewed literature, was primarily utilized for the collection of information about the publications under the search term \"craniectomy\" in May 2019. The search was conducted using the terms "craniectomy OR hemicraniectomy" in the article title. This resulted in 1,646 documents. These results were filtered for the top 100 most-cited articles. Using the Scopus analytics tool, we were able to view documents by year, documents per year by source, documents by author, documents by affiliation, documents by country, and documents by funding sponsor. The H index has been included for each top author. Originally proposed by Hirsch, it is a research output measure that represents original research and other publications designed to indicate impact \[[@REF2]\]. For example, an H index value of 22 means that 22 articles have been cited at least 22 times. The 20 most-cited articles were selected for an in-depth review.

Results

The documents by year analysis, from 1892 to 2016 (Figure [1](#FIG1){ref-type="fig"}), revealed a paucity of well-cited literature in the early 1900s. In 1892, a document titled, \"Pioneer craniectomy for relief of mental instability due to premature sutural closure and microcephalus\" was published and has garnered 132 citations to date \[[@REF3]\]. In the 100 most-cited articles, there is a large time gap. The 1970s saw eight well-cited documents and outshined the 1980s, which only produced four of the top-cited articles. The 1990s saw a resurgence in publications (n=16). This trend continued into the 21st century as most of the top-cited articles were published between 2000 and 2009 (n=57). The past nine years have only seen 14 of the most-cited articles published with a dramatic taper from six in 2010 to one in 2016.
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The documents by source (Figure [2](#FIG2){ref-type="fig"}) analysis starts in 1972. Previous dates did not include the top sources. The Journal of Neurosurgery published 21 articles. The Stroke published 14; Neurosurgery following with 10. The Journal of Neurotrauma published nine and Surgical Neurology published six. These top three journals are responsible for 45% of the top-cited publications on this topic.

![The five journals that have published the majority of the top-cited articles](cureus-0011-00000005524-i02){#FIG2}

The documents by author category compare the publication count within the top 100 most-cited articles of specific authors and their H-index (Figure [3](#FIG3){ref-type="fig"}). 
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The top-ranked author was Werner Hacke who published six of the most-cited articles. His most-cited article, \"Early hemicraniectomy in patients with complete middle cerebral artery infarction\" was published in 1998 and cited 552 times \[[@REF4]\]. Two authors tied with five publications each: Czosnyka and Unterberg. Czosnyka's paper, \"Trial of decompressive craniectomy for traumatic intracranial hypertension\", was published in 2016 and has been cited 237 times \[[@REF5]\]. Unterberg's article, \"Hemicraniectomy in older patients with extensive middle-cerebral-artery stroke\" was published in 2014 and has been cited 244 times \[[@REF6]\]. Connolly, Kirkpatrick, and Schwab have each contributed four articles. Aschoff, Barone, Doerfler, Forsting, Hutchinson, Jimenez each contributed three articles.

The top authors were found to work in teams. The top-ranked author, Hacke, worked with the other well-ranked authors, namely, Doerfler, Forsting, Unterberg, and Schwab. Their work focused on craniectomy in the setting of stroke and encephalitis \[[@REF4], [@REF6]-[@REF10]\]. Czosnyka worked with Hutchinson and Kickpatrick. Their work focused on decompressive craniectomy in traumatic brain injury and intracranial hypertension \[[@REF5], [@REF11]-[@REF14]\]. Unterberg worked with Czosnyka, Hutchinson, and Kirkpatrick. Their publications from 2001-2016 focused on hemicraniectomy while considering intracranial hypertension, stroke, trauma, and functional outcomes \[[@REF5]-[@REF6], [@REF11], [@REF15]-[@REF16]\]. Connolly was not published with the other top 10 authors (2002-2007). His worked highlighted hemicraniectomy in the setting of subarachnoid hemorrhage and infarctions \[[@REF17]-[@REF20]\]. Kirkpatrick worked with Czosnyka and Hutchinson (previously mentioned above) on publications from 2001 to 2016 and was affiliated with Addenbrooke Hospital and the University of Cambridge \[[@REF5], [@REF11], [@REF13]-[@REF14]\]. Schwab worked with Hacke and Aschoff producing works from 1997-2002 out of the University of Heidelberg \[[@REF4], [@REF10], [@REF21]-[@REF22]\]. Barone worked with Jimenez. His works, 1998-2004, focused on craniosynostosis and were affiliated with the University of Missouri-Columbia \[[@REF23]-[@REF25]\]. Doerfler worked with Forsting and produced top works from 1996-2002 in relationship to decompression in MCA stroke from the University of Heidelberg \[[@REF7], [@REF26]-[@REF27]\].

The publications by affiliation category shows which institutions have produced the research (Figure [4](#FIG4){ref-type="fig"}). The University of California, San Francisco and its school of medicine produced 12 publications. The University of Heidelberg produced nine works \[[@REF4]-[@REF8], [@REF10], [@REF21]-[@REF22], [@REF28]\]. Addenbrooke's Hospital produced five works \[[@REF5], [@REF11]-[@REF14]\]. Charite Universitatsmedizin Berlin had four works. The University of Missouri-Columbia and Ludwig-Maximilians Universitat Munchen had three publications apiece \[[@REF6], [@REF15]-[@REF16], [@REF29]\].
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The United States contributed 42% of the literature on the topic, followed by Germany at 21%, and then United Kingdom at 8% (Figure [5](#FIG5){ref-type="fig"}).
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The documents according to funding sponsors had three top contributions. Each entity had one publication. The work sponsored by Capital Foundation of Medical Development, a Chinese company, was cited 72 times \[[@REF30]\]. The work by Deutsche Forschungsgemeinschaft, who funds medical research in Germany, was cited 245 times \[[@REF6]\]. Medical Research Council, who coordinates medical research in the UK, had their article cited 237 times \[[@REF5]\].

Discussion

The craniectomy procedure is a foundation of neurosurgical practice. Archaeological evidence of skulls from the Neolithic period demonstrating trephination, the ancient technique of burr holing (see Figure [6](#FIG6){ref-type="fig"}), make craniectomy the earliest surgical procedure recorded in history \[[@REF1]\]. As surgical tools improved, the procedure also morphed from simple trephination into what is now known as craniectomy/craniotomy. In 1518, Berengario da Capri published a manuscript that describes both the indications and technique for craniotomy \[[@REF31]\].
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In 1892, Lane published a case series entitled \"Pioneer craniectomy for relief of mental imbecility due to premature sutural closure and microcephaleus\". In his brief article, he explains the circumstances under which he tried to "unlock the brain" of a 9-month-old. This child died 14 hours after the procedure due to anesthetic complications. A second patient from another case detailed in the same report was thriving at the time of his writing in 1892 \[[@REF3]\]. There is a time gap from 1892 to 1971 where articles on these subjects did not make the list of top 100 most cited. After 1971, there was a noted emphasis on the application and development of craniectomy and are therefore highlighted in chronological order up until 1998, after which the publication load increased and the topic began to answer more specific questions.

In 1971, Ransohoff published his pioneering work on the use of hemicraniectomy in the management of acute subdural hematoma (n=35) in the Journal of Neurosurgery. He reported a 40% survival and 28% return to normal function. His results were outstanding for the time \[[@REF32]\]. Subsequent utilization of the intervention failed to reproduce equivalent results and, in 1976, Cooper published (in Surgical Neurology) that in the five years proceeding Ransohoff's paper only 50 patients were reported to be treated with decompressive craniotomy. Cooper reports a dismal 10% percent survival and 4% to function. He called for a move to restrict the utilization of the procedure \[[@REF33]\]. Five years later (1981) in Neurosurgery Journal, Rengachary published a report of three patients treated with hemicraniectomy for "massive multilobar infarction \[...\] who survived, although severe fixed neurological deficit persisted in two\" \[[@REF34]\]. In 1988, Kondziolka, citing Rengachary's 1981 publication, reported on five patients who were permitted to progress to "uncal herniation and pending death" prior to surgery, achieved "good results" status post "decompressive craniectomy in the treatment of lesions causing increased intracranial pressure and brain edema" \[[@REF35]\].

Delashaw argued in his 1990 Stroke publication based on a sample of nine that "hemicraniectomy can be an effective life-saving procedure for malignant cerebral edema after large hemispheric infarction" \[[@REF36]\]. The year 1992 saw the advent of the first well-cited article on successful suboccipital craniectomy by Chen in Stroke \[[@REF37]\]. In 1994 Fisher, in Surgical Neurology, published a case report discussing craniectomy in a comatose woman who suffered from a SAH \[[@REF38]\]. By the mid-1990s, Hacke, Doerfler, Schwab, and Forsting were publishing high-ranking articles laying the groundwork for the trials of the 2000s (Table [1](#TAB1){ref-type="table"}) \[[@REF7]-[@REF8], [@REF10]\]. In 1995, Forsting published \"Decompressive craniectomy for cerebral infarction: An experimental study in rats\", which showed that decompression reduced mortality in rats and called upon neurosurgical intervention for this population. In 1997, Polin showed that "decompressive bifrontal craniectomy provides a statistical advantage over medical treatment of intractable posttraumatic cerebral hypertension and should be considered in the management of malignant post-traumatic cerebral swelling. If the operation can be accomplished before the ICP value exceeds 40 torr for a sustained period and within 48 hours of the time of injury, the potential to influence outcome is greatest \[[@REF39]\]\". 

###### This lists the clinical trials related to decompressive craniectomy

DECIMAL: decompressive craniectomy in malignant middle cerebral artery infarction; DESTINY: decompressive surgery for the treatment of malignant infarction of the middle cerebral artery; HAMLET: hemicraniectomy after middle cerebral artery infarction with life-threatening edema trial; DECRA: decompressive craniectomy trial; RESCUEicp: Randomized evaluation of surgery with craniectomy for uncontrollable elevation of intracranial pressure; RESCUE-ASDH: Randomized evaluation of surgery with craniectomy for patients undergoing evacuation of acute subdural hematoma

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -----------
  Trial Name                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Citations
  DECIMAL (2007): decompressive craniectomy in malignant middle cerebral artery infarction trial. They concluded in a population age 18-55 and N=38 an increase in moderate disability and a decrease in mortality when compared to medical therapy.                                                                                                                                                                                                                                         434
  DESTINY (2007): decompressive surgery for the treatment of malignant infarction of the middle cerebral artery.  It showed that there was a significant reduction in 30-day mortality for decompression as opposed to medical management.                                                                                                                                                                                                                                                   484
  HAMLET (2009): hemicraniectomy after middle cerebral artery infarction with life-threatening edema trial. They introduced a four-day window for surgical intervention (N=64). They concluded, \"Surgical decompression reduces case fatality and poor outcome in patients with space-occupying infarctions who are treated within 48 hours of stroke onset. There is no evidence that this operation improves functional outcome when it is delayed for up to 96 h after stroke onset\".   464
  DECRA (2011): bifrontal temporoparietal decompressive craniectomy in diffuse traumatic brain injury for patients with refractory elevation in ICP was associated with decreased ICP but a higher incidence of overall morbidity.                                                                                                                                                                                                                                                           733
  DESTINY II (2014): Hemicraniectomy in older patients with extensive middle-cerebral-artery stroke.                                                                                                                                                                                                                                                                                                                                                                                         247
  RESCUEicp (2016): The trial of randomized evaluation of surgery with craniectomy for uncontrollable elevation of intracranial pressure after initial medical management was associated with lower mortality than medical management alone. Return of function with a need for higher level of dependent care was worse in the surgical group.                                                                                                                                              234
  RESCUE-ASDH (2019) - Randomized evaluation of surgery with craniectomy for patients undergoing evacuation of acute subdural hematoma trial. Recently closed enrolment on May 1, 2019 after reaching the goal of 463 randomized patients                                                                                                                                                                                                                                                    \-
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -----------

in 1998, Jimenez published, in the Journal of Neurosurgery, the article \"Endoscopic craniectomy for early surgical correction of sagittal craniosynostosis\". His four-case study report highlighted a decrease in blood loss, operative time, and cost with excellent surgical results \[[@REF24]\]. That same year Schwab published \"Early hemicraniectomy in patients with complete middle cerebral artery infarction\". They stated that not only did craniectomy improve outcomes but also that early craniectomy (first 24 hours after onset of stroke) further improved outcomes \[[@REF4]\]. In 2001, Holkamp published \"Hemicraniectomy in elderly patients with space-occupying media infarction: Improved survival but poor functional outcome\". They concluded that a large trial was needed to prove benefit \[[@REF15]\].

Over the next 20 years, two major themes dominated. The first was decompression in the setting of infarction, and the second was decompression in the setting of trauma and increased intracranial pressure. Large clinical trials were undertaken to review the effectiveness of craniectomy (Table [1](#TAB1){ref-type="table"}). Correlating to the published results of these trials is a large increase in year-by-year publications with the term in the title going from 42 papers in 2006 to 120 papers in 2016. Finally, in 2014 Juttler published DESTINY II, \"Hemicraniectomy in older patient with extensive MCA stroke, to address the age limitations of previous trials\". They concluded that hemicraniectomy improved the survival rates without severe disability in those 61 and older \[[@REF6]\].

Limitations

All the top-100 articles with the term in the title were analyzed. However, it is difficult to ascertain which articles may have impacted the field but were simply not analyzed due to both search term limitations and the terms themselves. The ranking is subject to change as new publications are made available. 

Conclusions
===========

In this bibliometric analysis, we identified the top 100 most-cited articles with the term \"craniectomy OR hemicraniectomy\" in the title. The data presented shows the top contributors to the field and a chronological timeline in the evolution of these interventions by focusing on the articles that paved the way for clinical trials and more focused research.

The authors have declared that no competing interests exist.

These articles (Table [2](#TAB2){ref-type="table"}) represent turning points and question generators that have helped shape the direction and discussion of the intervention.

###### Top 20 most-cited articles
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